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Abstract Sustainability assessment (SA) is an increasingly
popular term referring to a broad range of approaches to
align decision-making with the principles of sustainability.
Nevertheless, in public and private sectors sustainability
results are still disappointing, and this paper reflects on this
problem and proposes a way forward. We argue that,
because sustainability issues are generally wicked prob-
lems (i.e. a ‘complex of interconnected factors in a plu-
ralistic context’), effective assessments need to be reflexive
about the definition of the issue and about the criteria for
sustainable solutions. Based on a distinction of policy
problems, we characterize SA as a form of problem
structuring, and we distinguish three typical ways of
problem structuring, corresponding to three different ways
of integrating reflexivity in the assessment. We illustrate
these routes in three examples. We discuss the way
reflexivity is integrated in each example by discussing the
mix of methods, SA process and epistemological balance.
Rather than merely calling for more stakeholder partici-
pation, our aim is to call for more reflexivity integrated into
the SA approach, and we conclude by proposing a process
map for reflexive sustainability assessment to support this.
Keywords Sustainability assessment  Assessment
approach  Problem structuring  Reflexivity
Introduction
Sustainability assessment emerged as a marriage between
environmental assessment and sustainable development
(Gibson et al. 2005). Sustainability assessment (SA) is
nowadays a widely used term that covers a broad range of
approaches aiming to operationalize sustainability concepts
for decision-making, mostly within but also outside gov-
ernments. These approaches may be formal or informal,
legally prescribed or voluntary, science-driven or policy-
driven, etc., and may carry different labels, such as sus-
tainability appraisal, sustainability impact assessment or
integrated assessment (Pope 2006). A common feature is
that they try to integrate various perspectives, interests, and
types of knowledge. However, despite scholarly progress,
Gibson (2016) concludes that in public and private sectors
disappointing little has been accomplished on the sustain-
ability front in the last decade. He suggests that the main
reason for limited progress is that the comprehensive,
integrative and open approach of SA fits poorly with the
entrenched structures, cultures and motivations of con-
ventional authorities. In this paper we reflect on the poor
results in the practice of decision-making further by criti-
cally examining the SA approach, focusing especially the
extent to which the process of defining the issue and the
criteria for sustainable solutions is explicit and integrated
in the assessment.
Sustainability issues are generally ‘wicked’ problems
(Rittel and Weber 1973). They are wicked in the sense that
they are characterized by a complex of interconnected
factors as well as a pluralistic context, implying that they
(1) can be defined and explained in numerous ways, (2) are
unique, (3) are connected to other problems, and (4) do not
have a single, objectively best, definitive solution or a well-
described procedure to find a limited set of potential
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solutions (ibid.). We will argue that this ‘wicked’ nature
implies that effective assessments need to be reflexive
about the definition of the issue and about the criteria for
sustainable solutions.
Drawing on a basic distinction in policy studies,
between structured and unstructured problems we charac-
terize SA as a way to structure policy problems, and we
distinguish three typical ways to structure sustainability
problems.1 Rather than merely calling for more stakeholder
participation, our aim is to call for more reflexivity inte-
grated into the SA approach that will lead to more effective
recommendations for decision-making in practice.
This paper is structured as follows: In the next section,
we review the key traits of SA, including the critiques it
has received, subsequently we argue that every SA can be
seen as a form of problem structuring and we identify three
typical ways of reducing the complexity of problems
encountered in SAs. An illustrative example of each way is
provided in the subsequent section. Finally, we discuss the
challenge to integrate more reflexivity into SA by dis-
cussing ways to align the mix of methods, process design,
and epistemological balance and we conclude by proposing
a process map for reflexive sustainability assessment to
support this.
This paper builds on earlier pleas for more reflexivity.
These, however, were emphatic at a more general level
(e.g. Voß et al. 2006 on reflexive governance for sustain-
able development and Rayner and Malone 1998 on com-
bining positivist and interpretative approaches in the global
climate change debate), and less elaborated at project or
case level. This paper offers an important, first step towards
an operationalization of this plea at the level of a particular
assessment project.
Key traits and critiques on SA
The seminal contribution of Gibson et al. (2005) presents
criteria and processes to understand the context and
strategies for sustainability assessment. It especially
emphasizes the process of formulating criteria through a
number of steps, including formulation of case and context
considerations, criteria specification, categorization, and
elaboration (including development of trade-off rules,
identification and evaluation of alternatives). Gibson
(2016) focuses on applying this understanding by dis-
cussing a large variety of cases. The book shows the
challenges of applying generic criteria and trade-off rules
in the peculiarities of each context.
The ambition to operationalize sustainability for deci-
sion-making and the wicked nature of sustainability issues
(i.e. generally a ‘complex of interconnected factors in a
pluralistic context’) have implications for the knowledge
questions that should be addressed in an SA. It raises two
distinct types of knowledge questions. Questions regarding
the physical and monetary impacts, such as: what sorts of
substances are emitted, what materials are used, and what
waste is produced (e.g. Sander and Murthy 2010)? What
are consequences for economic indicators such as cost (e.g.
Ekins and Vanner 2007)? These are questions about causes
and effects. Secondly, there are normative questions related
to stakeholder interpretations, such as: what are different
stakeholder perceptions of the issue (e.g. Setiawan and
Cuppen 2013)? What is their contextual definition of
‘sustainable’? These are questions about priorities, values
and desirability. This means that for an assessment to be
effective, it needs to address both types of questions, and
hence be reflexive about the definition of the issue and
about the criteria for sustainable solutions. ‘Reflexive’ then
refers not only to the special attention for how multiple
stakeholders define the issue and criteria for solutions, but
also for how the step from these different frames to the
particular definition of issue and criteria applied during the
assessment was made.
SAs in practice have been challenged to deal with both
types of questions, and, accordingly, have received broadly
two types of critique. Some scholars argue that integration
of a wider range of stakeholders’ perspectives into
assessment remains rather limited (Turnpenny et al. 2008).
Stakeholder involvement, they argue, is often restricted to
providing input on the choice between a limited set of
options, rather than radically redirecting policy.2 These
issues may relate to lack of problem awareness among
stakeholders, unbalanced problem ownership or discontin-
uous participation (Lang et al. 2012). Other scholars argue
that guidance on what methods can be used in sustain-
ability assessment is lacking, since guidelines (e.g. for an
environmental impact assessment) are typically biased
towards certain procedural steps (De Ridder et al. 2007).
The research on how to organize and deploy tools and
methods in assessments has a lot of room for improvement
(Wiek et al. 2012). Also, in collaborative assessments of
scientists and practitioners, it can be difficult to agree on
the methodological standards (Lang et al. 2012). In the
following we unpack the two types of critique.
Mix of methods and process design
A first cross-cutting critique concerns the question what
methods to use and how to organise the SA process. While
method and process are clearly linked, this refers to two
1 With ‘structuring’ we mean systematically analyzing the problem.
2 This is especially true in the impact assessment traditions where
many decisions have been made before the SA commences.
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separate questions: how can the results of various methods
applied in an SA be combined and how can the process be
organized?
Process design
An SA is designed to form a logic sequence within an
analytic and decision-making process, and within which a
range of different methods can be applied (Finnveden et al.
2003). There is no single and commonly accepted proce-
dure for sustainability assessment. A procedure may be
formally prescribed by law, such as in environmental
impact assessment (EIA) in many countries (but with great
variety between countries) and as strategic environmental
assessment under the EU SEA Directive (2001/42/EC). In
the case of non-legally prescribed, science-driven SA, the
procedure is of course up to the researchers. Many different
descriptions of the steps or phases of integrated assessment
can be found in the literature.3 Finnveden et al. (2003), for
instance, apply (1) definition of objectives, (2) formulation
of alternatives, (3) scenario analysis, (4) environmental
analysis, (5) valuation, (6) conclusions and follow-up.
Norse and Tschirley (2000) apply (1) problem identifica-
tion, (2) strategy formulation, (3) selection of policy
options, (4) policy implementation, (5) setting of regula-
tory standards, (6) monitoring and evaluation. Sheate et al.
(2003) suggest screening, scoping, baseline survey, evalu-
ate impacts, report, monitor and review, while Lang et al.
(2012) use (A) collaborative problem framing and building
a collaborative research team; (B) co-creation of solution-
oriented and transferable knowledge through collaborative
research; (C) (re-) integrating and applying the co-created
knowledge. De Ridder et al. (2007), however, show there
are strong complementarities and overlaps between the
different assessment procedures since they share the same
origin in policy analysis (Dunn 2003; Hogwood and Gunn
1984) and systems analysis (Miser and Quade 1985; Quade
1983). Therefore, De Ridder et al. map different assess-
ment procedures (for example IA, EIA, SEA) onto a more
basic, or generic, procedure consisting of four steps or
phases: (I) problem analysis, (II) finding options, (III)
analysis of options and (IV) follow-up.4
Mix of methods
A broad range of methods has been applied in SA, with
often combinations of methods being used within one
study. However, in assessments in the public and private
sector, the choice is often poorly explained and, when
combining methods, often one method is clearly dominant
and basically shapes the SA outcomes (of which we pro-
vide examples in ‘‘Examples of the three ways of problem
structuring’’). A common problem identified in the litera-
ture is the lack of guidance on what methods can be used
(Noble et al. 2012), since guidelines are typically biased
towards certain procedural steps (De Ridder et al. 2007).
Research on how to organize and deploy tools and methods
in assessments seems to have a lot of room for improve-
ment (Wrisberg et al. 2002; Nilsson et al. 2005; Lee 2006;
Wiek et al. 2012).
Van Asselt (2000) distinguishes two groups of methods:
participatory methods and analytical methods, yielding,
respectively, subjective knowledge elements (referred to as
‘the value-laden information provided by societal actors’)
and objectified knowledge elements (referred to as ‘scien-
tific facts’). Rotmans (2001) argues for a combination of
these two types of methods. In his view, scientists can
provide the latter on their own, but should engage societal
stakeholders to deliver the first. Subsequently, the actor
perspectives and the findings from analytical methods
should come together in an active dialogue (Rotmans 2001,
p.22). Hence, he views integration as a dialogue or par-
ticipatory process, without being too explicit on how this
can be done.
De Ridder et al. (2007) build upon Van Asselt and Rot-
mans’ work and distinguish, apart from participatory meth-
ods, additional sub-groups of analytical methods: scenario
tools, multi-criteria analysis tools (MCA), cost-benefit
analysis (CBA) and cost-effectiveness analysis (CEA),
accounting tools, physical analysis tools and indicator sets,
and modelling tools. Again, the question how to combine
these is only generally addressed (Bond et al. 2011).
De Ridder et al. (2007) also address the linkages
between the mix of methods and procedural steps, although
they are not explicit on how results from different tools
should be combined. They discuss which methods are more
applicable in which phase and suggest that participatory
tools are more appropriate in the first phase of the SA, the
problem analysis, to elucidate views of the various stake-
holders, explicate knowledge and values at stake, and ideas
about ways to alleviate the problem. In the two subsequent
phases (i.e. identification and analysis of various options),
when the focus has crystallized, analytical tools are more
appropriate. In the final phase, follow-up, participatory
tools are emphasized again, this time as an appropriate
means to evaluate the outcomes and assessment process.
Epistemological balance
The critique that SAs have difficulties to integrate stake-
holder perspectives is also related to Rayner and Malone’s
3 More examples can be found in: Dalkmann et al. (2004), Devuyst
(1999), Lee and Kirkpatrick (2001), Weaver and Rotmans (2006).
4 Although EIA is typically very thin on step I and II, usually
assessing only one option.
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plea for a better integration of positivist and interpretative
approaches. Science is not a monolithic affair but contains
various traditions, approaches and methods, which, in their
turn, are rooted in diverging ontological and epistemolog-
ical assumptions. They tend to progress alongside each
other, but in cases like sustainability problems this diver-
gence is problematic. This is not a new insight. For
instance, with reference to Snow’s (1959) classic essay on
‘two cultures’, Rayner and Malone (1998) expound the two
styles of science that characterize the intellectual landscape
since the 18th century: the natural scientific approach with
a descriptive or positivistic approach versus the humanities
with an interpretative approach.5 They see the isolated
existence of these two, primarily epistemologically differ-
ent approaches as problematic—not their co-existence as
such. Hence, they argue that especially climate change
issues can benefit from a combination of the two. Although
other epistemological categorizations have been proposed
(see for instance Morgan and Smircich 1980 who suggests
a range of epistemological stances within a positivist to
anti-positivist dichotomy6), in the following we summarize
Rayner and Malone’s exposition because it illustrates the
epistemological split most clearly.
The positivist approaches operate from the assumption
that the world consists of entities, which are just ‘‘out
there’’ and of which knowledge can be obtained by mea-
suring them. The implication of this assumption is that in
the case of different ideas of what happens in the world, the
route to conciliation is to provide better data, better models
and better ways to integrate them. Interpretative approa-
ches, on the other hand, emphasize that ideas on what
happens in the world are always mediated by interpretative
schemes, such as language, concepts, and routines. Data
will never speak for themselves, but can only be mean-
ingful and plausible when accompanied and supported by
socialization, training, and practices of interpretation. As a
consequence, when ideas on what happens in the world
differ, the route to conciliation is to become reflexive about
interpretative schemes and to discuss and articulate what
makes the ideas meaningful and plausible.
The interpretative method focuses on understanding the
meaning that human agents create during the conduct of
social life, upon which they build their understanding of
the world, and through which they seek to act upon that
world. Thus, the interpretative method focuses on the
nature of experience, the structure of perceptions, the
recognition of interests and the development of frame-
works of collective action. The systematic study of the way
issues or problems are framed yields understanding that
can help decision makers make critical choices, knowing
what assumptions and decision elements underlie those
choices (Bacchi 2009).
The distinction between the two approaches raises fun-
damental issues of what kinds and sources of knowledge
the analyst values. Does (s)he want to understand the issue
as seen through the eyes of stakeholders (interpretative) or
does he value ‘objective’ observation (positivist)? We refer
to the ‘epistemological balance’ of an assessment as the
balance between these two different kinds and sources of
knowledge.
The two kinds of approaches have long lived as two
fields separated from each other. This is problematic,
because, instead of contributing to robust, integrated
analyses, scientists who use one approach have tended to
stand aloof from researchers using the other approach.
Within the climate change debate, for instance, the gap
between the two has meant that relevant research has been
bypassed and that researchers dismiss the research of one
approach or the other on grounds that have little to do with
climate change issues, according to Rayner and Malone
(1998).
Discussion
There are some parallels between combining participatory
and analytical methods on the on the one hand, and inter-
pretative and positivist epistemologies on the other.
Although related, interpretive and participatory approaches
are, however, not necessarily the same. In steps I and IV of
Ridder et al. an interpretative approach is most applicable,
but the authors do not address the epistemological balance
of an SA in their paper. They stress the use of participatory
tools, but these may be employed in a positivist way too
(e.g. by asking a few multiple choice questions to stake-
holders or by asking them to estimate certain parameters in
a model). An interpretive approach in steps I and IV is
instrumental to be reflexive about the definition of the issue
and on the criteria for sustainable solutions from a diversity
of stakeholder perspectives. In problem analysis, this may
concern different perspectives on the meaning of sustain-
ability, relevant values, interests and objectives, and the
criteria to assess alternatives and impacts. In evaluating the
assessment, different stakeholder perspectives can be
included on how well and fair interests were addressed,
power relations handled, etcetera. In this way, the inter-
pretative approach and the use of participatory methods can
5 Interpretative is slightly more common than interpretive in 21st-
century British publications. Everywhere else, including in the US,
Canada, and Australia, the shorter form is preferred (http://
grammarist.com/usage/interpretative-interpretive/).
6 The six epistemological stances they distinguish are (1) to construct
a positivist science, (2) to study systems, process, change, (3) to map
contexts, (4) to understand patterns of symbolic discourse, (5) to
understand how social reality is created and (6) to obtain phe-
nomenological insight, revelation. The first is associated with the
extreme objectivist approach to social sciences, the last with an
extreme subjectivist approach.
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support a self-reflective attitude towards the potential
meaning of the assessment in the context of the question
who benefits most from the assessment and the way sus-
tainability is being framed in the particular assessment.
Another critique is that after identifying stakeholder
perspectives, most SAs do not ask which interpretations
and perspectives are the ones in power and which are the
ones pushed to the margins. As such the concept of sus-
tainability is in danger of being uncritically adopted and
instrumentalised to achieve rather unreflected ends and to
support specific paradigms (Banerjee 2003; Castro 2004;
Newton and Freyfogle 2005). In contrast, a more reflexive
sustainability assessment calls into question established or
forged power-relations and questions the institutions that
support and legitimize them (Spangenberg 2011).
To summarize, despite scholarly progress, SA applica-
tions in practice often still suffer from issues regarding mix
of methods, process design and epistemological balance.
We have argued that for an assessment to be effective, it
needs to address both types of questions, and hence be
reflexive about the definition of the issue and on the criteria
for sustainable solutions. Instead of trying to forge imme-
diate solutions, we will reflect on the typical ways in which
SA approaches a problem. In the next section, we do this
by drawing on a basic distinction in policy studies: between
structured and unstructured problems.
SA as problem structuring
Unstructured problems
Sustainability issues appear as political or organizational
problems that cannot be simply solved by standard routines
and instruments. In policy studies such problems are
labeled as ‘wicked’, as they typically involve a complex of
interconnected factors as well as a pluralistic context,
without offering clear suggestions how to address these.
Clearly, to address such problems, more than one type of
expertise is required. This is often the starting point for
sustainability assessment, particularly non-legally pre-
scribed, science-driven SA.
In their alternative typology of policy problems, Hiss-
chemo¨ller and Hoppe (1996) distinguish between ‘struc-
tured’ problems and ‘unstructured’ problems, which differ
in two dimensions (see Fig. 1). First, they differ in the
degree in which consensus exists about norms and values:
are the norms and values at stake explicitly or implicitly
shared, or diverging and contested? Second, they differ in
the degree in which the means (knowledge, instruments) to
reach the goals are seen as available and unproblematic. In
the case of structured problems, there is agreement about
what has to be achieved and how it can be done. In the case
of unstructured problems, both the ends and the means are
contested.
Described in this way, the ‘(dis)agreement on ends and
(dis)agreement on means’ typology of unstructured prob-
lems is distinct from the ‘plurality and complexity’ typol-
ogy of wicked problems. Yet, they are closely interrelated,
which is probably why both typologies have often been
perceived as one and the same. Lack of consensus on ends
or means is directly associated with the plurality in values
and interests of today’s society, whereas disagreement and
uncertainty about which kinds of knowledge are relevant to
the solution of a problem will at least in part be caused by
the growing complexity of problems.
Hoppe (2011) shows that policy makers aim to render
unstructured problems structured; since there are societal
pressures to deliver, policy makers and bureaucracies
cannot operate on unstructured problems and thus need to
make them manageable. Hence, it is in their interest to
reduce the knowledge uncertainty and normative
disagreement.
Arguably, SA is a means to achieve such reductions.
After all, in an SA-exercise a broad range of considerations
and perspectives are taken as input, and processed into
knowledge claims and recommendations. That is, an SA
exercise reduces the uncertainty and ambivalence of the
sustainability issue and structures the problem, to some
extent. The question, then, is which reductions are made by
SA approaches and what is gained or lost in such moves?
Three ways of problem structuring
Sustainability Assessments in practice have responded to
this question of reductions in various ways. By reflecting
on a broad range of SAs in practice, broadly three types of
routes or ways can be identified in SA studies (see Fig. 2),
of which we provide examples in ‘‘Examples of the three
ways of problem structuring’’.
Some SAs neglect the disagreement on norms and val-
ues in the first place. They elaborate more or less complex
Fig. 1 Typology of policy problems (Hisschemo¨ller and Hoppe
1996)
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models and include input from stakeholders as a next step.
Here, the normative indeterminacy is circumvented by
adding stakeholder opinions or perspectives as an addi-
tional ingredient of the models. We label this as a primarily
positivistic approach. In contrast, other SAs start with
normative deliberations invoked by the sustainability
issues and include factual analysis to enrich the dialogue.
The complexity of the problem field, thus, is circumvented
by framing the sustainability issue predominantly as a
deliberative exercise following a primarily interpretative
approach. A third route is to seek the middle ground and to
address both analytical and normative indeterminacy to the
same degree, for instance by proposing different steps in
the SA exercise whilst alternating the mapping of stake-
holder perspectives (through dialogues or discourse anal-
ysis) and analytical modeling.
In other words, we argue that, although a combination of
‘hard’ scientific analysis with stakeholder perspectives has
been advocated for a few decades, and despite scholarly
progress on participative approaches (e.g. Wickson et al.
2010; Reed 2008), there is a lot of room for improvement
in effectuating this combination in the practice of SA
informing decision-making.
Examples of the three ways of problem structuring
To illustrate how the three typical routes work, we provide
an example of each of the three ways of problem struc-
turing. The EU Impact Assessment (IA) of the EU Energy
Roadmap 2011 (described below) is an example of a pri-
marily positivistic approach, an IA of the greenhouse gas
reduction target in the Netherlands (Example 2) of a pri-
marily interpretative approach, whilst an IA for water
resources management in the Dutch Delta region (Example
3) combined positivistic and interpretative elements most
explicitly (i.e. Route #3 in Fig. 2). Even though the pro-
jects in the examples had very different aims, and even
though in many projects ‘problem structuring’ is not an
explicit activity or process, they are relevant because they
show that implicitly or explicitly an assessment always
structures the problem in some direction or another. The
examples, thus, are not introduced as proof, but illustrative
examples of the three typical ways of problem structuring
in SA. In each case, we will consider carefully how the
problem is being structured and what this implies for the
mix of methods, the process design and the epistemological
balance.
Example 1: EU impact assessment (IA)
In 2011 the European Commission published the impact
assessment of the EU Energy Roadmap 2050. This road-
map provides a vision and trajectories towards an energy
system with 80–95% less greenhouse gas emissions by
2050. The IA assesses the potential economic, social and
environmental consequences of this roadmap.
The impact assessment of the Roadmap is a heavy,
192 pages report that follows the latest EU impact
guidelines of 2009. Two thirds of the report consist of a
well-documented, largely quantified justification of the
model-based scenario analysis (i.e. assumptions and
results). The modelling and related scenario analysis was
performed with a model called PRIMES, an Energy-
Economy-Environment model simulating the entire
energy system both in demand and in supply. The
PRIMES model covers the 27 EU Member States, 12
industrial sectors, various types of energy, energy using
products and activities, and emissions, so the level of
detail of the model is high. The timeframe of the model
is 2000 to 2050 by 5-year periods; the years up to 2005
are calibrated to Eurostat data.
Consultation of stakeholders is a compulsory element of
the IA, which is addressed in and about one page in the
report. An online public consultation has been organized:
an online questionnaire with seven questions, three open
and four multiple choice. It was open from 20 December
2010 until 7 March 2011, so about two and half months,
just before the publication of the IA in March 2011. Some
400 contributions, half from organisations and half from
individual citizens, were received from a broad spectrum of
organisations as well as citizens. The report explicitly
states that ‘all of the Commission’s minimum consultation
standards were met’. The questions included:
• How can the credibility of work on the transition to a
low-carbon energy system in 2050 be ensured? (open)
• Which developments should be considered in the
Energy Roadmap 2050? (multiple choice).
• What societal challenges and opportunities do you
think are likely in Europe over the next decades as a
result of changes in the EU and global energy system?
(multiple choice).Fig. 2 Three routes that SA approaches typically take (modified after
Hisschemo¨ller and Hoppe 1996)
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• Which are the main areas which you think might need
further policy development at EU level, in a 2050
perspective? (multiple choice).
There were no questions regarding what a sustainable
energy system actually is. Nevertheless, many responses
underlined the importance of public acceptance of new
infrastructures and there was considerable divergence in
opinions on the best way to decarbonise the energy sector.
In addition to the public consultation, representatives
from the Directorate General for Energy and Commis-
sioner Oettinger met numerous unspecified stakeholders
individually. Also, the EU invited organizations and indi-
viduals to send reports of their scenario analysis in order to
compare and test the robustness of the EU Roadmap and IA
and received about 30 useful reports.7
After the one-page section on ‘Consultation and Exper-
tise’, the 185 pages of the report bring up the term stake-
holder another eight times, mostly referring to the scenario
analyses of other organizations with which the roadmap has
been compared. The term ‘dialogue’ is mentioned twice,
once in the context of future recommendations.
All in all, the assessment is mostly a model-based sce-
nario analysis with a very weak type of interaction with
stakeholders.8 In one of the sections about the problem, the
unsustainability of the current energy system is summa-
rized, but it is unclear how this description came about.
There are no references to any stakeholders or consultation
in that section, and no reference to different views on the
problem. Decreasing greenhouse gas (GHG) emissions is
brought up as the key goal for 2050, but economic com-
petitiveness and security of energy supply are included as
well and in other parts of the report too, economic, social
and environmental impact are considered.
We find the EU impact assessment study being repre-
sentative for a group of studies that take a heavy quanti-
tative approach whilst neglecting the normative plurality.
The UN’s Millennium Eco-Assessment, for instance, is
also conceptually strong and offers quantified, model-based
scenarios, but is weaker in engagement of policymakers
and other key stakeholders. In a similar vein, the IPCC
review builds heavily on models, with policymakers only
extensively involved in the last step when conclusions are
formulated. A summary of the methods, process and
epistemologies of this (and the following) examples is
provided in Table 1.
Example 2: IA of the greenhouse gas reduction
target in the Netherlands
The COOL-project9 was an academic (i.e. not policy-ini-
tiated) assessment of a (proposed) greenhouse gas reduc-
tion target in the Netherlands through stakeholder
dialogues. Participants explored various ways to realize an
80% GHG emission reduction. The 80% was a working
hypothesis and the willingness to explore this hypothesis
was a prerequisite for the stakeholders to participate in the
project. At the end of the dialogue, the participants gave a
reasoned judgement on whether and how this could be
done. The project included a series of workshops in which
stakeholders discussed the feasibility of drastic reductions
of GHG emissions in the long term; the opportunities and
obstacles that would have to be overcome in order to reach
such reductions; and the challenges and priorities for the
short term. It included four stakeholder groups, represent-
ing four sectors: Industry and Energy; Agriculture and
Nutrition; Housing and Construction; and Traffic and
Transport. The four groups consisted of a heterogeneous
set of stakeholders, including representatives from multi-
nationals, small business companies, banks, unions, envi-
ronmental NGOs, policymakers, et cetera. The
identification and selection of these stakeholders had taken
place on the basis of an extensive interview round that the
project team had conducted in the preparation phase of the
project with about a hundred stakeholders from different
sectors of the Dutch economy. This extensive interview
round enabled the project team to identify stakeholders
from different networks who had rather different views on
the issues of climate change and energy, and on the ‘best’
solutions to these issues.
The stakeholder dialogue in the project was organized
through an interactive backcasting method. The charac-
teristics of interactive backcasting, such as a heterogeneous
group composition and a transparent procedure of the
method, can in theory enable the integration of a broad
range of stakeholder viewpoints, but according to Van de
Kerkhof (2006) the backcasting procedure in the COOL
project had a brainstorming character and did not provide
methodological guidance for the integration of the out-
comes. Particularly at the start of the dialogue when the
participants still felt a bit uncertain and were not yet
familiar with one another, they had the tendency to seek
consensus. She concludes that a lack of methods to
7 A variety of international organisations, industry associations,
individual companies, NGOs and research/academic institutions have
put forward mid- and long-term energy scenarios (and names of
organizations are specified in an Annex). In order to make a
representative sample, 28 studies were identified by screening
contributions and publications from stakeholders.
8 See Talwar et al (2011) for a typology of research regarding user
engagement.
9 The COOL project lasted from January 1999 until May 2001 and
was financed by the National Research Program on Global Air
Pollution and Climate Change. The project included three dialogue
projects, taking place at three different geographical levels: national
(Dutch) (Hisschemo¨ller et al. 2002), European (Andersson et al.
2002) and global (Berk et al. 2001). Here we report mainly on the
experience of the National Dialogue.
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encourage argumentation in the dialogue has probably led
to a priori exclusion of conflicting viewpoints.
To what extend did the study employ more scientific
analysis and how did this feed into the stakeholder dia-
logue? The project had a ‘scientific support unit’, which
provided the groups with scientific information and mainly
included technical experts, as a result of which the groups
mainly received information on the technical aspects of
reducing GHG emissions rather than on policy and insti-
tutional aspects. As a consequence, the degree of differ-
entiation in the selection of options was rather modest. All
in all we can conclude that there was scientific input into
the dialogue, but this was not an interactive process, in the
sense that the stakeholder viewpoints had not fed into the
scientific analysis (e.g. with specific questions) first.
Example 3: IA for water resources management
in the Dutch Delta region
The Dutch Delta Works program (1957–1997) provided
safety against floods in the southwest of the Netherlands by
closing off the major sea inlets. The freshwater lakes cre-
ated this way have become an important source of drinking
water and irrigation water for agriculture. However, the
loss of estuarine dynamics also has drawbacks such as the
loss of typical estuarine biodiversity and excessive growth
of blue-green algae during summer. The algae make the
water unsuitable for swimmers as well as agricultural use,
and the bad smell has a negative impact on recreational use
of the lakes. According to experts, mixing the freshwater
again with salt water would be the most effective way to
manage the algae problem. Therefore, the Dutch govern-
ment proposed in 2004 in their ‘National Spatial Strategy’
to re-establish estuarine dynamics on a limited scale in the
Delta region. However, the impact of this measure on the
overall ecological quality of the area is still uncertain and it
will also affect other current uses and users of the fresh-
water lakes, in particular the farmers.
A stakeholder engagement project was started (called
‘fundamental discussion’) to discuss how improvement of
the water quality and nature value of the Delta, could be
integrated with a more natural, sustainable freshwater
supply for agriculture. Our description of this project is
based on Hommes et al. (2009) and Vinke-de Kruijf et al.
(2010). The project was managed by a consortium of four
independent institutes with expertise on land and water
Table 1 Summary of the methods, process and epistemologies in the three examples






Weak type of stakeholder interaction
methods
Start: Short problem framing phase (by
experts)
Middle: Long phase of model
development and analysis
End: Short phase with consultation or
communication of results
The model is to a significant extent based
on scientific knowledge but includes
many uncertainties that are estimated by
experts
Little attention is paid to the perspectives
of stakeholders, and it is unclear how




Strong stakeholder dialogue methods
(including interactive backcasting)
The technical knowledge provided to the
participants was derived from studies/
methods outside the assessment
Start: A thorough problem framing phase
(although the GHG reduction target was
set before SA)
Middle: Phase of analysis of options
(phase III in terms of De Ridder et al.
2007) neglected
End: A thorough reflection (Phase IV) on
all possible options to reduce GHG is
made
Stakeholder perspectives were highly
valued
Expert/scientific knowledge was provided






analysis (but only in project preparation
phase)
During the project the focus was on
stimulating the contribution of local
knowledge and expertise and supporting
interaction and social learning between
stakeholders
Start: A predefined problem description,
and two broad directions for solution
were also established before the start,
leaving only limited space for
development of more concrete options
Middle: The actual focus of the project
was on the phase of assessing the
impacts of the options and discussing the
preferred solution (phase III in terms of
De Ridder et al. 2007)
End: Follow-up in terms of reflection and
learning was restricted to the project
management team
Knowledge from scientific experts was
input to project, but during the project
this knowledge was significantly
modified and extended with context-
specific knowledge based on expertise
of local practitioners
The knowledge questions were
formulated by the stakeholders
themselves, and based on their values
and interests, which were an explicit
concern in the process
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management. The objective was to develop a shared insight
and agreement about the most desirable directions for
solutions. The participants included representatives from
agriculture, water management, nature conservation and
government. The process design of the fundamental dis-
cussion consisted of three plenary and several small-scale
meetings, and the focus was on the Volkerak lake where
the problems were most pressing. As input to the discus-
sion, an overview of existing scientific knowledge was
provided, including a problem description and a study on
the future of agriculture in the Delta. During the first
meeting, two directions for solutions were presented for
discussion: making the lake salt-brackish by restoring
estuarine dynamics, or maintaining the lake as a freshwater
reservoir and controlling the algae with other means. The
aim of the discussion was to get insight into the impacts of
both types of solutions. However, the participants, in par-
ticular the farmers, were very critical about the scenario-
based study on the future of agriculture and asked many
context-specific questions about the proposed solutions and
their consequences which the scientific experts could not
answer, at least not on a short notice. Instead, the partici-
pants themselves (farmers, nature managers, local water
managers) collected and provided new information based
on their own specific knowledge and expertise, to assess
impacts of the proposed solutions. During the small-scale
meetings, the participants translated the two directions for
solving the problem into five more specific options, which
were put up for voting in the final plenary meeting. This
resulted in two equally preferred options, one for making
the lake salt-brackish combined with alternative freshwater
supply from elsewhere, and one for maintaining the
freshwater lake. In the end, consensus was reached on the
first option, based on the consideration that the government
could probably only be convinced to provide for an
expensive freshwater pipeline in case all stakeholders
would support this option.
In terms of problem structuring, the project was suc-
cessful in both reducing the uncertainty in (instrumental)
knowledge and reducing the disagreement between the
stakeholders about the framing of the preferred solutions.
The uncertainty in relevant knowledge was effectively
addressed by allowing the participants to complement
general scientific knowledge with context-specific practical
knowledge based on their own expertise. The perspectives
of participants, which were initially quite divergent and
based on different values (socio-economic or ecological)
and interests (dependent on fresh or salt water), converged
over the course of the project. Although they did not
become identical, in the end there was sufficient common
ground to reach an agreement about the preferred solution.
Table 1 summarizes the key characteristics of the
examples, typical for the corresponding problem
structuring routes. The case of the EU IA was primarily a
positivistic approach, with (methodologically) extensive
quantitative model/scenario analysis, (process-wise) a
neglected problem framing phase and long analysis phase,
and (epistemologically) mostly based on expert knowledge.
By contrast, the IA of a GHG reduction target was an
example of a primarily interpretative approach, with
(methodologically) extensive use of participatory methods,
but little analysis methods (e.g. LCA, MCA, CBA, etc.)
applied within the assessment, (process-wise) a thorough
problem framing phase, whilst the analysis phase was
neglected, and (epistemologically) stakeholder knowledge
highly valued, whilst expert knowledge was provided but
played a minor role. Finally, the IA for water management
showed an example of an approach that combines posi-
tivistic and interpretative elements most explicitly. It
combined participatory methods with analytic methods,
(process-wise) comparable attention for problem framing
and analysis, and (epistemologically) integration of stake-
holder and expert knowledge to answer questions that
emerged during the process.
Conclusion: towards reflexive SA
The ambition of SA to operationalize sustainability for
decision-making and the wicked nature of sustainability
issues triggers questions that require different kinds and
sources of knowledge. The complex as well as the plural-
istic character of the issue has important implications for
the methodological organization of a Sustainability
Assessment. Traditionally, complex cause-and-effect rela-
tionships and pluralism are studied in rather distinct sci-
entific fields, styles and methods. Cause-and-effect
relationships have been studied mostly in positivistic
approaches that are generally most suitable for under-
standing them. The range of models, indicator frameworks,
life cycle analyses, etc., that have been developed for
sustainability assessment clearly have their huge merits but
typically neglect the diversity of perspectives among
stakeholders, most notably their interpretation of the issue
(problem), their contextual definition of sustainability in
terms of criteria for solution strategies. Also, critical
reflection on the implications of conducting the assessment
implicitly from just one (dominant) perspective for the
different groups of stakeholders is often absent. On the
other hand, interpretative and dialogue approaches are
strong in identifying the range of stakeholder perspectives,
including divergence in values and interests, but are weak
in highlighting their effects for economic, environmental,
technical and socio-cultural processes or policy effective-
ness. The complex-pluralistic character of sustainability
issues requires Sustainability Assessment to combine these
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two rather distinct approaches and methods. So, based on a
distinction of policy problems, this paper distinguished
three typical ways of problem structuring, corresponding to
three different ways of integrating reflexivity in the
assessment: Route #1 as a poorly reflexive approach of
impact assessment, Route #2 as reflexive but with poor or
disconnected impact assessment, whilst Route #3 has a
reflexive approach with reflexivity integrated in an impact
assessment.
What are barriers to take Route #3?
More research is needed to evaluate which route is mostly
taken by SAs in public and private sectors and how, in order
to corroborate and refine our conceptual contribution in this
paper beyond the three illustrative examples we provided.
One relevant question for such a review is: what are barriers
to take Route #3? From the current body of literature and
experiences we can already speculate on various answers to
this question. A first one is that the assessment organizer or
proponent might either adhere to a positivist or an interpre-
tivist paradigm and simply ignores the other, consciously or
unconsciously. Second, Route #3 may be found more chal-
lenging than Route #1 and 2.When facing the dual challenge
of reducing knowledge uncertainties and normative dis-
agreements at the same time (see Fig. 2), it is attractive to
choose one and neglect the other, in order to keep it man-
ageable.10 The process with a dual challenge has a lower
degree of predictability and the question is to what extent the
organizer of an SA iswilling to accept this. This connects to a
third possible explanation: the interest of the assessment
organizer. Is this an independent party striving for the most
salient and legitimate outcome for all stakeholders, or does
the organizer have a preference for a certain outcome? The
organizer has the power to shape the SA process, evenwithin
the boundaries of a legally prescribed SA procedure. It may
well be in the interest of the organizer to neglect the value
disagreements and keep the problem framing in his/her own
hands. (For a comparative study that devotes explicit atten-
tion to managing power, see Clark et al. 2011).
The challenge of Route #3 also stems from the need to
combine methods, which is in itself complicated, but
especially for methods from different scientific styles and
traditions, such as interpretative and positivistic approa-
ches. Representatives of these two traditions will even
disagree on what fruitful collaboration actually is, in terms
of how to combine their methods. The positivist typically
wants to add stakeholder values as a factor in his models
(which upsets the interpretivist), while the interpretivist
(somewhat caricatured) tends to treat positivist findings as
‘just another opinion’ next to that of the stakeholders (at
least that’s how it comes across to the positivist). This will
make things very hard in practice.
The challenges of taking Route #3 in addressing sustain-
ability issues also emerge in recent papers on the method-
ology of sustainability science by Wiek et al. (2012) and
Lang et al. (2012). Wiek et al. (2012) present a comparative
appraisal of five sustainability science projects. In four of
these projects, Wiek et al. (2012) identified serious short-
comings in the involvement of stakeholders and integration
of their perspectives and interests, which they attributed to a
general lack of advanced methodological competence and
experience for dealing with these aspects on the side of the
scientists. Also Lang et al. (2012) point at the need to ensure
that expertise in dealing with stakeholders and their per-
spectives is represented in teams addressing sustainability
problems. They recommend to contract professional facili-
tators to support the team in this. Lang et al. (2012) also
highlight another stumbling block on Route #3: the different
interests of academic (scientific innovation) and societal
actors (problem solving), with the consequence that in sci-
entist-driven SA there is more attention for ‘hard’ analysis of
system complexity than for stakeholder perspectives. Lang
et al. (2012) provide extensive methodological guidance on
how to deal with this difference in interest, although proba-
bly many of these suggestions are easier said than done.
Furthermore, their important principle of designing a
methodological framework for collaborative knowledge
production and integration is not elaborated. Despite the
challenges of Route #3 as discussed, the potential of it is also
observed implicitly in studies of participatory modelling
(such as Voinov and Bousquet 2010), that suggest that a
combination of a participatory approach with computer
modeling to assess options will be generally accepted by the
stakeholders as salient (relevant to their concerns), legiti-
mate (reflecting their values and interests) and credible (in
accordance with their causal beliefs).
A way forward: reflexive sustainability assessment
Unstructured sustainability issues need to be structured in
such a way that a balanced operationalization of sustain-
ability for decision-making is achieved. The key challenge
in SA is to align the methods, process and epistemology in
a way that prevents spinning out to either side of Route #3,
i.e. preventing over-emphasizing the disagreement on val-
ues or the lack of instrumental knowledge whilst neglecting
the other. The challenge of increasing the use of Route #3
may be picked up in two ways: under the umbrella of one
assessment or by combining outcomes of various assess-
ments. The second option may be more feasible, since the
methodology in one project is easily dominated by one of
10 Based on an analysis of six projects, Hegger et al. (2012) find that
processes of co-creation between a multitude of stakeholders can be
steered only to a limited extent.
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the two styles of science. On the other hand, combining
different assessments may result in difficulties regarding
interfaces in the sense of how results ‘fit’ to each other.
‘Aligning’ SA methods, process and epistemology
means both to deliberately choose the most appropriate
method(s) for a particular question in the SA process, as
well as to achieve an appropriate balance of the different
kinds of knowledge obtained in order to draw integrated
conclusions, i.e. that the SA is epistemologically balanced.
This dual ambition requires a map of a generic SA process
connected to the most appropriate methods (such as in De
Ridder et al. 2007) and an explicit (and argued) choice of
methods in each step, while such a map should also include
an indication of the type of knowledge that is sought (in
terms of interpretative or positivistic character). The
table below presents the generic map for reflexive sus-
tainability assessment that we propose, which specifies
epistemologies. Being explicit about the type of knowledge
that is obtained, avoids the pitfall of simply ‘adding’ or
mixing positivistic and interpretative results, and helps to
make a mindful integration possible. The steps are num-
bered 1–4 although there is an element of iteration,
between and also within the steps.
The subjective understanding that stakeholders have of
the particular issue is a regular starting point of the
assessment. These perspectives may be captured through
open interviews, discourse analysis, ethnographic partici-
pation and observation. Subsequently, these understandings
are interpreted by the SA researcher, and translated into an
issue or problem scope and framing to be used during the
assessment (including an argumentation for it). This
includes the contextual definition of sustainability. Next, a
more positivistic analysis of the problem follows, within
the scope and frame set earlier. This includes logical cause
and effect relationships, which may be portrayed in causal
diagrams or flow diagrams, in a qualitative or quantitative
way. This analysis may encounter various knowledge gaps,
which can be translated into knowledge questions for the
assessment. The analysis leads to the central question of
the assessment. Step 1 ends with a stakeholder reflection on
the previous activities and results. This may adapt the
problem framing, analysis and assessment question.
The second generic step in a sustainability assessment
procedure is to identify all possible options so as to deal
effectively with the issue or problem as defined in Step 1.
Regarding the longer time-frame of most sustainability
issues, policy scenario development and analysis is a typ-
ical tool in this step. This may include stakeholders, but
scenario development is primarily about explicit knowl-
edge routed in a positivistic approach. Therefore there is






Step 1: Problem analysis
1.1. Stakeholder issue framing 
1.2. Formulate problem scope and deﬁnion  
for the assessment 
Open interviews, discourse analysis, 
ethnographic parcipaon/ observaon  
1.3. Problem analysis and formulaon of 
knowledge quesons  
Cause & eﬀect mapping; Qualitave 
systems analysis, LCA on current 
pracce (facts on emissions etc.) 
1.4. Stakeholder reﬂecon on analysis Open interviews, focus group
Step 2: Mapping-out opons 
2.1 Generate a list of possible policies / 
strategies 
Scenario development (possibly 
parcipatory), brainstorming techniques 
2.2 What are relevant stakeholder interests / 
percepons of possible policy strategies? Let 
the stakeholders formulate (or let 
researchers use stakeholders’ language to 
formulate) speciﬁc research/knowledge 
quesons regarding the policy strategies. 
Open interviews, focus group, discourse 
analysis 
Step 3: Assessment of alternaves 
yCefiLsnoitpofosisylanA.1.3 cle Analysis, Cost-Beneﬁt  
analysis, Mul-criteria analysis, etc. 
3.2 Stakeholder reﬂecon Open interviews, focus group, discourse 
analysis 
3.3 Concluding advice 
Step 4: Monitoring & 
learning (outside the 
SA-project) 
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need for additional methods that make stakeholder per-
ceptions and appreciation of the generated options explicit.
The third step of a typical sustainability assessment
procedure is about assessing the details of the plausible
options, scenarios and/or policy interventions developed in
the previous step, with the final aim of selecting options for
(recommended) implementation. The emphasis typically
lies on the analytical tools, such as models, indicator sets,
cost–benefit analysis tools and physical analysis tools.
Depending on the context in which the SA is organized,
the concluding advice may be independent, without a for-
mal need for follow-up, or part of a policy or strategy
cycle. To stimulate the usefulness of the SA, it is generally
advisable to organize a monitoring and learning process in
the implementation step after the SA project, which could
provide feedback to the steps of option assessment and
problem definition. As this step is usually outside the SA
procedure, it is placed in a separate box in Table 2.
Of course, the generic character of the map means that it
needs adaption for each specific case regarding which steps
need to be included and which methods are most appropriate.
The context specific nature of sustainability issues will con-
tinue to require customized assessment and customized out-
comes. Nevertheless, our SA map builds reflexivity into the
generic SA process, which, in combination with the other
steps, can contribute to more epistemological balance of
interpretative and positivistic elements. The reflexive sus-
tainability assessmentwepropose occupies themiddle ground
betweenmore ‘transformative’ SAapproaches (such as ISA in
Weaver and Rotmans 2006) on the one hand, which demand
radical changes in legal and governance structures, and on the
other the widely implemented but strategically less effective
environmental impact assessment tradition (Morgan 2012).
Reflexive SA can be implementedwithin existing governance
structures, and, rather than just calling for more stakeholder
participation, the Reflexive SA process map specifies how
reflexivity can be built into the SA procedure.
Acknowledgements We are grateful for the comments of three
anonymous referees and the comments of Jenny Pope, Angus Mor-
rison Saunders and Steve Rayner. Funding was provided by Univer-
siteit Maastricht (NL).
Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creative
commons.org/licenses/by/4.0/), which permits unrestricted use, distri-
bution, and reproduction in anymedium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
References
Andersson M, Tuinstra W, Mol APJ (2002) Climate OptiOns for the
Long term (COOL)—European dialogue, NRP report nr.
410200117, Wageningen University
Bacchi CL (2009) Analyzing policy: what’s the problem represented
to be?. Pearson, French Forest
Banerjee SB (2003) Who sustains whose development? Sustainable
development and the reinvention of nature. Organ Stud
24(1):143–180
Berk M, van Minnen JG, Metz B, Moomaw W, den Elzen MGJ, van
Vuuren DP, Gupta J (2001) Climate OptiOns for the Long term
(COOL). Global dialogue synthesis report, RIVM nr.
490200003, RIVM
Bond A, Dockerty T, Lovett A, Riche AB, Haughton AJ, Bohan DA,
Sage RB, Shield IF, Finch JW, Turner MM, Karp A (2011)
Learning how to deal with values, frames and governance in
Sustainability Appraisal. Reg Stud 45(8):1157–1170
Castro CJ (2004) Sustainable development: mainstream and critical
perspectives. Organ Environ 17(195):195–225
Clark WC, Tomich TP, van Noordwijk M, Guston D, Catacutan D,
Dickson NM et al (2011) Boundary work for sustainable
development: natural resource management at the Consultative
Group on International agricultural Research (CGIAR). Proc
Natl Acad Sci 113(17):4615
Dalkmann H, Herrera RJ, Bongardt D (2004) Analytical strategic
environmental assessment (ANSEA) developing a new approach
to SEA. Environ Impact Assess Rev 24:385–402
De Ridder W, Turnpenny J, Nilsson M, von Raggamby A (2007) A
framework for tool selection and use in integrated assessment for
sustainable development. J Environ Assess Policy Manag
9:423–441. doi:10.1142/S1464333207002883
Devuyst D (1999) Sustainability assessment: the application of a
methodological framework. J Environ Assess Policy Manag
1(4):459–487
Dunn WN (2003) Public policy analysis—an introduction, 3rd edn.
Pearson-Prentice Hall, Upper Saddle River
Ekins P, Vanner R (2007) Sectoral sustainability and sustainability
assessment methodologies: a review of methodology in light of
collaboration with the UK oil and gas sector. J Environ Plan
Manag 50(1):87–111
Finnveden G, Nilsson M, Johansson J, Persson A˚, Moberg A˚,
Carlsson T (2003) Strategic environmental assessment method-
ologies—applications within the energy sector. Environ Impact
Assess Rev 23(1):91–123
Gibson R (ed) (2016) Sustainability assessment: applications and
opportunities. Earthscan, London
Gibson R, Hassan S, Holtz S, Tansey J, Whitelaw G (2005)
Sustainability assessment: criteria and processes. Earthscan,
London
Hegger D, van Zeijl-Rozema A, Dieperink C (2012) Towards
successful joint knowledge production for global change and
sustainability: lessons from six Dutch adaptation projects. In:
Wals AEJ (ed) Learning for sustainability in times of acceler-
ating change, vol 549. Wageningen Academic Publishers,
Wageningen
Hisschemo¨ller M, Hoppe R (1996) Coping with intractable contro-
versies: the case for problem structuring in policy design and
analysis. Knowl Policy 4(8):40–60
Hisschemo¨ller M, van de Kerkhof M, Kok M, Folkert R (2002)
Climate OptiOns for the Long term (COOL): stakeholders’ view
on 80% emission reduction. In: Kok M, Vermeulen W, Faaij A,
de Jager D (eds) Global warming and social innovation: the
challenge of a Climate Neutral Society. Earthscan, London
Hogwood BW, Gunn LA (1984) Policy analysis for the real world.
Oxford University Press, London
Hommes S, Vinke-de Kruijf J, Otter HS, BoumaG (2009) Knowledge and
perceptions in participatory policy processes: lessons from the Delta-
Region in the Netherlands. Water Resour Manag 23:1641–1663
Hoppe R (2011) The governance of problems. Puzzling, powering,
participation. Policy Press, Bristol
316 Sustain Sci (2017) 12:305–317
123
Lang DJ, Wiek A, Bergmann M, Stauffacher M, Martens P, Moll P
(2012) Transdisciplinary research in sustainability science—
practice, principles, and challenges. Sustain Sci 7(Suppl
1):25–43
Lee N (2006) Bridging the gap between theory and practice in
integrated assessment. Environ Impact Assess Rev 26:57–78
Lee N, Kirkpatrick C (2001) Methodologies for sustainability impact
assessment of proposals for new trade agreements. J Environ
Assess Policy Manag 3(3):395–412
Miser H, Quade E (eds) (1985) Handbook of systems analysis:
overview of uses, procedures, applications and practices. Wiley,
Chichester
Morgan RK (2012) Environmental impact assessment: the state of the
art. Impact Assess Proj Apprais 30:5–14
Morgan G, Smircich L (1980) The case for qualitative research. Acad
Manag Rev 5:491–500
Newton JL, Freyfogle ET (2005) Sustainability: a dissent. Conserv
Biol 19(1):23–32
Nilsson M, Bjo¨rklund A, Finnveden G, Johansson J (2005) Testing an
SEA methodology in the energy sector: a waste incineration tax
proposal. Environ Impact Assess Rev 25:1–32
Noble B, Gunn J, Martin J (2012) Survey of current methods and
guidance for strategic environmental assessment. Impact Assess
Proj Apprais 30(3):139–147
Norse D, Tschirley JB (2000) Links between science and policy
making. Agric Ecosyst Environ 82:15–26
Pope J (2006) Editorial: what’s so special about sustainability
assessment? J Environ Assess Policy Manag 8(3):v–x
Quade ES (1983) Analysis for public decisions, 3rd edn. Elsevier,
New York
Rayner S, Malone E (1998) The challenge of climate change to the
social science. In: Rayner S, Malone E (eds) Human choice and
climate change, vol 4. Battelle Press, Columbus
Reed M (2008) Stakeholder participation for environmental manage-
ment: a literature review. Biol Conserv 141:2417–2431
Rittel H, Weber M (1973) Dilemmas in a general theory of planning.
Policy Sci 4:155e169
Rotmans J (2001) Integrated assessment: a bird’s eye view. In: van
Asselt MBA, Rotmans J, Grauw SCH (eds) Puzzle-solving for
policy: a provisional handbook for integrated assessment.
Maastricht University Press, Maastricht
Sander K, Murthy GS (2010) Life cycle analysis of algae biodiesel.
Int J Life Cycle Assess 15:704–714
Setiawan AD, Cuppen E (2013) Stakeholder perspectives on carbon
capture and storage in Indonesia. Energy Policy 61:1188–1199
Sheate WR, Dagg S, Richardson J, Aschemann R, Palerm J, Steen U
(2003) Integrating the environment into strategic decision-
making: conceptualizing policy SEA. Eur Environ 13:1–18
Snow CP (1959) The two cultures. Cambridge University Press,
London
Spangenberg JH (2011) Sustainability science: a review, an analysis
and some empirical lessons. Environ Conserv 38(3):275–287
Talwar S, Wiek A, Robinson J (2011) User engagement in
sustainability research. Sci Public Policy 38:379–390
Turnpenny J, Nilsson M, Russel D, Jordan A, Hertin J, Nykvist B
(2008) Why is integration policy assessment so hard? A
comparative analysis of the institutional capacities and con-
straints. J Environ Plan Manag 51(6):759–775
Van Asselt MBA (2000) Perspectives on uncertainty and risk.
Springer, former Kluwer, Dordrecht
Van de Kerkhof M (2006) A dialogue approach to enhance learning
for sustainability—a Dutch experiment with two participatory
methods in the field of climate change. Integr Assess J 6(4):7–34
Vinke-de Kruijf J, Hommes S, Bouma G (2010) Stakeholder
participation in the distribution of freshwater in the Netherlands.
Irrig Drain Syst 24:249–263
Voß J, Bauknecht D, Kemp R (eds) (2006) Reflexive governance for
sustainable development. Edward Elgar, Cheltenham
Voinov A, Bousquet F (2010) Modelling with stakeholders. Environ
Model Softw 25:1268–1281
Weaver PM, Rotmans J (2006) Integrated sustainability assessment:
what is it, why do it, and how? Int J Innov Sustain Dev
1(4):284–303
Wickson F, Delgado A, Kjølberg KL (2010) Who or what is ‘the
public’? Nat Nanotechnol 5(11):757–758
Wiek A, Ness B, Brand F, Schweizer-Ries P, Farioli F (2012) From
complex systems analysis to transformational change: a com-
parative appraisal of sustainability science projects. Sustain Sci
7(Suppl 1):5–24
Wrisberg N, de Haes HAU, Triebswetter U, Eder P, Gift R (2002)
Analytical tools for environmental design and management in a
systems perspective. Kluwer Academic Press, Dordrecht
Sustain Sci (2017) 12:305–317 317
123
